The growth of a pseudomonad on methanol was stimulated by the presence of morphine (or codeine) in the medium. The drug appeared to influence the amount of growth rather than its rate. Respiration of resting cells on a variety of substrates was stimulated by adding morphine. This report appears to be the first case of a microorganism whose growth and respiration is stimulated by an opiate.
The growth of a pseudomonad on methanol was stimulated by the presence of morphine (or codeine) in the medium. The drug appeared to influence the amount of growth rather than its rate. Respiration of resting cells on a variety of substrates was stimulated by adding morphine. This report appears to be the first case of a microorganism whose growth and respiration is stimulated by an opiate.
In a search for microorganisms that might provide a microbial model of narcotic action, we have isolated several organisms that either act upon or respond to the presence of morphine. Among the latter is one whose growth is stimulated by the presence of morphine or codeine and is, to the best of our knowledge, the only known case of an organism whose growth is stimulated by morphine. Most effects of morphine-like substances result in inhibition (2, 3, 5-7, 10, 11, 15) .
The organism, isolated from soil, is a small gram-negative, motile, encapsulated, pink-pigmented facultative methylotroph, which seems most closely related to Pseudomonas (4) but does not correspond to any listed species. Its properties seem identical to those described by Stocks and McCloskey (12) for "Vibrio extorquens," except that our strains do not grow on benzene. Growth on mineral salts medium requires molybdenum and manganese (replaceable by purines and pyrimidines). It 2 shows that at limiting concentrations of methanol, morphine has essentially no effect, but, at higher methanol concentrations, more cell mass is evident. Study of the concentrations of morphine required shows that whereas stimulation can be detected at 20,ug/ml, increased growth in a roughly linear fashion is obtained up to 1,000,g/ml, but to conserve morphine we have used 400 ,g/ml routinely. Pure morphine is soluble in water to about 200 jig/ml but is much more soluble in the presence of salts. The pH of the medium is 7.2 after morphine and methanol addition and remains above pH 6.5 after growth.
Morphine itself was not utilized by the organism, and added radioactive morphine could be recovered quantitatively and identified by thinlayer chromatography as morphine at the end of the growth experiments (8, 9) . With excess methanol, at the end of the growth experiments, only traces of formaldehyde (determined by oxidation with cold, dilute acid dichromate) and formate (1) were found, and there seemed to be no discernible differences between control and morphine-containing cultures.
Further study showed (Fig. 3 ) that when morphine was added to the growth flasks after increase in mass had ceased, there was stimulation equivalent to that found when morphine was added initially. This type of data suggested that the morphine was combining with a toxic material normally limiting growth, rather than preventing formation of such material. We were unable, however, to find evidence of toxic material accumulation. Initially we could find no consistent stimulation by morphine of the respiration of resting cells (measured by standard Warburg techniques [13] ), nor was there any difference between the rates of respiration of resting cells grown with or without morphine on methanol. However, if the organisms were grown on pyruvate (in which the final pH approaches 8), consistent stimulation of resting cell respiration by morphine was observed. Forty-eight-hour cells (taken near the end of the log phase; Fig. 4) showed stimulation by morphine in methanol oxidation. Intermediate products of methanol oxidation might be formaldehyde and formate, whose oxidation is not stimulated by morphine. Further, in methanol oxidation there was no difference in the rate or amount of oxidation of methanol (and other substrates) if the cells were taken from a medium with or without morphine. The oxidation of a variety of substances was stimulated by in vitro addition of morphine to resting cells (Table 1) , and, in all cases, the stimulation was an increase not so much in rate of oxidation as in total oxygen taken up per mole of substrate. In general, for citric acid cycle intermediates, addition of morphine increases the total oxygen consumption one oxygen atom per mole of substrate.
The effect of morphine, however, appears to be directly on the resting cell and does not require cell growth. The stimulation by morphine of oxidation of a variety of substrates suggests that morphine is acting at some point common to several pathways, presumably somewhere in the respiratory chain. However, the use of inhibitors (2,4-dinitrophenyl, rotenone, amytal) was not enlightening.
We have also isolated other facultative methylotrophs, including red-pigmented ones, without the use of morphine in enrichment culture. In these strains, growth was not stimulated by morphine. It, therefore, appears that the ability to respond to morphine is an unusual and restricted property. It is possible that morphinestimulated organisms might serve as microbial models of morphine action. It has been argued by Wolfe et al. (14) that microbiological studies on the action of opiates and their antagonists have no relevance to their action in higher organisms. But the studies that led to this conclusion were done on common laboratory strains of usual microorganisms. The relevance might be quite different with organisms specifically selected from nature for their response to morphine.
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